A recent article by Gray, Stockard, and Stone contended that the increase in the proportion of births to unmarried women since 1974 in the United States was not caused by any major change in underlying fertility behavior, but rather by a decrease in the proportion of women who are married, which increased both the population at risk and the birth rate of unmarried women relative to that of married women. In this comment, I argue that the statistical test of this explanation used in the article is invalid because the variables in the analysis are not stationary time series. Correct statistical tests reject the explanation. In particular, I demonstrate persistent, nonstationary deviations from the relationships predicted by the theory advanced by Gray et al. For long periods, the proportion unmarried played only a small role in the changes in the ratio of nonmarital to marital birth rates, contrary to the theory.
n a recent article, Gray, Stockard, and Stone (2006;  hereafter GSS) called attention to compositional effects of the proportion married on nonmarital and marital birth rates. They postulated that a woman's benefi ts from marriage rise with her propensity to have children. As the proportion of women who are married falls, women who have a lower probability of birth than the average married woman move into the nonmarried group, among whom their probability of birth is above average. As a consequence, average marital and nonmarital birth rates both rise with the proportion of women who are not married. Further, because the nonmarital birth rate is low relative to the marital birth rate, the ratio of the nonmarital birth rate to the marital birth rate is likely to rise with the proportion unmarried. GSS contended that the increase in the proportion of births to unmarried women since 1974 in the United States was not caused by any major change in underlying fertility behavior. Rather, it was caused solely by a decrease in the proportion married, which increased both the population at risk and the birth rate of unmarried women relative to that of married women.
In this comment, I dispute this contention. I argue that the statistical test used by GSS to test their theory is invalid because the variables in the analysis are not stationary time series. The alternative test used here is based on a simple idea. If the relationships predicted by the theory hold, then annual deviations from them should not be persistent; they should be a stationary time series. If, in contrast, there are persistent, nonstationary deviations, we should reject the theory. This test rejects the GSS explanation of the rise in the proportion of births to unmarried women.
In the particular model of GSS, which assumes a uniform distribution for an underlying fertility parameter ("propensity to have children"), the birth rate ratio takes a very simple form: (2)
Eqs.
(1) and (2) are equivalent necessary but not suffi cient conditions for the validity of the GSS model. GSS estimated a regression based on Eq. (2): NFR = a + bSu 2 + e, where e is a stationary error term. GSS could not reject the hypothesis that the slope parameter (b) is unity, and took that as evidence consistent with their model. But the statistical test of this hypothesis is incorrect because Su 2 and NFR are not covariance-stationary series: a variable whose mean, variance, and all of its autocovariances are fi nite and constant over time. 1 This nonstationarity violates the assumptions of the classic regression model. Application of ordinary least squares regression when the series are nonstationary can lead to spurious regressions (Granger and Newbold 1974) . The least squares estimator does not converge to the slope parameter, even as the sample size increases toward infi nity, and the usual statistical signifi cance tests are invalid (Phillips 1986) .
GSS estimated the slope parameter using standard panel data methods, with race/age groups being the "cross-section" units. But the spurious regression phenomenon carries over to conventional fi xed-effect panel data estimators with nonstationary time series and a small number of cross-section units, and so statistical inference based on these estimates can be highly misleading. 2 Dependence across cross-section (race/age) units is also likely because of common shocks affecting all age groups. 3 When there is such cross-sectional dependence, standard panel estimation methods do not necessarily produce consistent estimates, even when the variables are covariance-stationary (Pesaran 2006) . For both of these reasons, the test that Eq. (2) holds provided by GSS is highly suspect.
There is a straightforward way to test whether the implications of the GSS model summarized in Eqs. (1) and (2) are consistent with the data, and it is valid whether the variables are stationary or not. Furthermore, in contrast to the regression used by GSS, this approach does not need to assume that Su is exogenous (i.e., uncorrelated with the error term of the regression). 4 Eq. (1) suggests the following statistical model for each race/age group i in year t:
The stochastic term w it represents residual infl uences on birth rates or measurement errors. A necessary but not suffi cient condition for the GSS theory to be correct (Eq. (1) to be satisfi ed) is that UBR it / MBR it and Su it / (1 + Su it ) should not persistently diverge from each other over time; that is, w it should be covariance-stationary. More formally, it should be the case that w it = ρ i w it -1 + α i + u it , where 0 < ρ i < 1 and u it is a stationary process. 5 In contrast, if ρ i = 1, then w it is not stationary-it has a "unit root" (i.e., it is a "random walk"). Analogously, Eq.
(2) suggests the following statistical model:
1. Appendix Table A1 describes the Dickey-Fuller (1979) tests of stationarity for NFR and Su 2 and presents the test statistics for four age groups in each of two race groups (black and white).
2. Use of independent variation across cross-section units (age/race groups in GSS) can provide consistent estimates of the slope with nonstationary variables when the number of cross-section units is "large" (Phillips and Moon 1999) , but this is not the case here-there are only eight.
3. As a test for such cross-sectional dependence, SURE (seemingly unrelated regression) estimation of regression equations based on Eq. (2) for the eight age/race groups discussed later strongly rejects independence of the error terms, whether the variables are expressed in levels or in fi rst differences.
4. Errors in estimating the unmarried population are likely to produce correlation between the error term of the regression equation and Su 2 because Su affects birth rate estimates and NFR.
5. Because the GSS theory does not predict deterministic trends in w it , a trend term is excluded.
Similarly, a necessary but not suffi cient condition for the GSS theory to be correct is that e it should not have a unit root; it should be covariance-stationary. If e it or w it has a unit root, then we reject the GSS theory. The next section reports tests of the hypothesis that ρ i = 1.
REVISITING THE GSS ANALYSIS
GSS had already rejected their model for teenagers, and so, following GSS, I focus on four age groups (20-24, 25-29, 30-34, and 35-39) and two race groups (black and white). Over the period 1965-2002, women aged 20-24 contributed over one-half (and in earlier years, more than three-fi fths) of births to unmarried women aged 20-39, and the increase in NFR was largest among women aged 20-24. Figure 1 plots NFR it and Su it 2 separately for white and black women of these ages. 6 The strong correlation between NFR it and Su it 2 over time is evident for both racial groups, and the regression slope coeffi cients from ordinary least squares regressions are 0.99 (SE = 0.04) and 0.91 (SE = 0.02) for white and black women, respectively. Analogous to GSS (GSS Table 2 ), I constrain the slope coeffi cient to be the same for the eight age/race groups. Instead of panel data estimation, I use SURE (seemingly unrelated regression) estimation, which allows for the error terms in the eight regressions 6. See Hamilton et al. (2003, revised) , National Center for Health Statistics (2002), Martin et al. (2006) , and Ventura and Bacharach (2000, revised). .4
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Year 1 9 6 5 1 9 6 7 1 9 6 9 1 9 7 1 1 9 7 3 1 9 7 5 1 9 7 7 1 9 7 9 1 9 8 1 1 9 8 3 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 to be correlated. The resulting estimate of the slope parameter is 0.98 (SE = 0.01). 7 Thus, the main regression fi nding by GSS, that the slope is not signifi cantly different from unity, is replicated with these data. But the tests for a unit root for e it = NFR it -Su it 2 shown in Table 1 suggest that these associations between NFR it and Su it 2 are spurious regressions. The Dickey-Fuller (DF) unit root tests are explained in the Appendix. 8 Suffi ciently large negative values of the DF statistic lead to rejection of the unit root hypothesis. Using either DF test, it is not possible to reject at the .05 level or less the null hypothesis that e it has a unit root for any race/age group. Only for black women under age 30 is there any suggestion that e it is a stationary series. 9 These results point to rejection of the GSS theory.
In the GSS model, Eq. (1) is the more fundamental relationship, with Eq.
(2) being a logical consequence of it. Figures 2 and 3 of this comment plot w it = UBR it / MBR it − Su it / (1 + Su it ) for white and black women, respectively. 10 If w it were a stationary series, we would observe a saw-toothed, nonpersistent pattern. The fi gures show that the birth rate ratio UBR it / MBR it diverges from what the GSS theory predicts for runs of years. For white women, it rose relative to their Su it / (1 + Su it ) from the mid-1980s to the mid-1990s, after which there was a leveling off or small decline. For example, between 1984 and 1994, this rise ranged between 0.09 and 0.12 for the four age groups in Figure 2 . These increases are large relative to the birth rate ratio in 1990: 52%, 40%, 37%, and 23% for women aged 20-24, 25-29, 30-34, and 35-39, respectively . Even more telling is that, contrary to the prediction of Eq. (1), the rise in Su it / (1 + Su it ) accounted for only 22%, 28%, 17%, and 22% of the rise in the birth rate ratio between 1984 and 1994 for women aged 20-24, 25-29, 30-34, and 35-39, respectively. Before 1980, the birth rate ratio for white women aged 20-34 was declining relative to Su it / (1 + Su it ).
Among black women aged 25-39, there was a steep rise in the birth rate ratio relative to Su it / (1 + Su it ) during the second half of the 1980s, and then a long, large fall. For 7. Estimation is over the period 1969-2002 because the data for black women and white women aged 35-39 are available only from 1969. The p value for the test of independence of the eight error terms is .0000.
8. There is a break in the data series in 1980 for two reasons: (1) pre-1980 data refer to the race of the child rather than the mother, and (2) marital status is "estimated" rather than "reported/inferred." For these reasons, annual data for 1980-2002 are used to compute the tests for a unit root.
9. If the break in the data series in 1980 (see previous note) is ignored and data from 1965 (1969 for blacks and for women aged 35-39) are used to compute the test statistics, the inferences are the same.
10. The break in the data series in 1980 is particularly evident for white women in Figure 2 . Test for stationarity around a nonzero mean (Elliott, Rothenberg, and Stock 1996) ; the maximum lag is 2. † p < .10 Year 1 9 6 5 1 9 6 7 1 9 6 9 1 9 7 1 1 9 7 3 1 9 7 5 1 9 7 7 1 9 7 9 1 9 8 1 1 9 8 3 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 instance, from 1989-2002, the birth rate ratio fell by 0.11, 0.24, and 0.19 among women aged 25-29, 30-34, and 35-39, respectively, while Su it / (1 + Su it ) rose by 0.04, 0.03, and 0.02, respectively. Table 2 shows the formal tests of the hypothesis that w it has a unit root, computed for the 1980-2002 period. We cannot reject the hypothesis for any race/age group, with the possible exception of white women aged 35-39, who contribute only about 5% of nonmarital births. 11 The strong indication of nonstationarity of w it from the tests is evidence against the theory put forward by GSS. Of course, we can only conclude that the data are consistent with the null hypothesis that w it has a unit root, not that they provide "proof" that the null hypothesis is valid. The Dickey-Fuller tests are known to have limited power against alternative hypotheses with highly persistent deviations from equilibrium (i.e., ρ i is high but less than unity), but even if w it does not have a unit root, its strong degree of persistency, evident in Figures 2 and 3 , contradicts the GSS theory.
Over long periods then, factors other than the proportion of women who are not married were the primary movers of the birth rate ratio, and these factors appear to differ 11. If we ignore the break in the data series and compute DF over 1965-2002, the inferences are the same, with one exception: rejection of the unit root hypothesis for black women aged 20-24. Year 1 9 6 9 1 9 7 1 1 9 7 3 1 9 7 5 1 9 7 7 1 9 7 9 1 9 8 1 1 9 8 3 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 (Elliott, Rothenberg, and Stock 1996) ; the maximum lag is 2. **p < .01 1 9 6 0 1 9 6 2 1 9 6 4 1 9 6 6 1 9 6 8 1 9 7 0 1 9 7 2 1 9 7 4 1 9 7 6 1 9 7 8 1 9 8 0 1 9 8 2 1 9 8 4 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 2 0 0 2 2 0 0 4
Year Ireland France Netherlands England and Wales Spain Portugal Germany Italy United States, whites between the races. It is very likely that the factors changing the birth rate ratios and the proportions unmarried among American white women are not specifi c to the United States. Figure 4 shows that the large increase in the percentage of births to unmarried white women since 1980 in the United States was similar to that in many countries in western Europe. These increases are strongly associated with the rise in cohabiting unions among unmarried women (Ermisch 2003 : fi gure 11.6; Kiernan 2001) . For the United States, Bumpass and Lu (2000) found that the percentage of births to unmarried women born to cohabiting couples increased from 29% to 39% in the period 1980-1984 to 1990-1994 , accounting for almost all of the increase in unmarried childbearing. During 1990-1994, one-half of nonmarital births to non-Hispanic white women were to cohabiting parents. A better understanding of the increase in nonmarital childbearing is unlikely to come from adding more variables to a regression model. It requires a behavioral model of the decision to have a birth outside marriage that takes into account the interdependency between marriage and childbearing decisions, such as in Burdett and Ermisch (2002), Ermisch (2003: chap. 7) , Neal (2004) , and Willis (1999) . At the individual level, the choices of having a child outside marriage and not marrying are usually bound together. Couples who fi nd each other mutually acceptable marriage partners have their children within marriage. But a woman who rejects a man as a spouse, or is rejected by him, may decide to have his child (perhaps after an unplanned pregnancy) if it does not adversely affect her future marital prospects "too much." Wider social acceptability of nonmarital childbearing tends to increase both rejections of men as husbands by women and births to unmarried women. 12 Age-specifi c nonmarital fertility rates and proportions married are, therefore, interdependent, but not for the compositional reason advanced by GSS. It is beyond the scope of this comment to pursue these ideas further, but I did so elsewhere (Ermisch 2008) in attempting to explain changes in nonmarital childbearing in Britain.
CONCLUSIONS
Reanalysis rejects the explanation for the rise in the U.S. share of nonmarital births advanced by GSS. While the fall in the proportion of women who are married played an important role in accounting for the rising share, it appears to be purely for its obvious effect on the population at risk. For long periods, the ratio of nonmarital to marital birth rates in the United States deviated from its relationship with the proportion unmarried predicted by the GSS model. The proportion unmarried played only a small role in the changes in the birth rate ratio during these periods. Given the rise in cohabiting unions, it would not be surprising if the fertility behavior of the unmarried population changed, thereby changing the birth rate ratio. Interdependency between age-specifi c nonmarital fertility rates and proportions married is likely, but not for the compositional reason advanced by GSS.
APPENDIX: THE DICKEY-FULLER UNIT ROOT TEST
A time series y it for race/age group i has a "unit root" (is a random walk) if it takes the form y it = α i + y it -1 + u it , where u it follows a stationary and invertible autoregressive movingaverage (ARMA) process. The null hypothesis in the Dickey-Fuller (DF) test is that ρ i = 1 in the model y it =α i + ρ i y it -1 + u it , which can be rewritten as ∆y it = α +(ρ i -1)y it -1 + u it , where ∆ is the fi rst-difference operator. Rejection of the null is consistent with stationarity.
The assumption that u it follows an ARMA process entails that, under the null hypothesis, the right side of the equation for ∆y it contains an infi nite autoregression in ∆y it -j , which must be approximated by a fi nite number of lags. The resulting "augmented" DF test involves testing for β i = ρ i -1 = 0 in the following equation:
where k is the maximum lag specifi ed and ε it is a white noise series representing approximation error. Given the short run of annual data, 1980-2002, I choose the smallest k consistent with the absence of fi rst-and second-order autocorrelation in ε it , which is checked with Lagrange multiplier tests. The t statistic used to test β i = 0 does not have a standard t distribution. Critical values from the appropriate limiting distribution are interpolated using tables in Fuller (1976). Appendix Table A1 gives the Dickey-Fuller test statistics for NFR it and (Su it ) 2 for the four age and two racial groups. The table also reports modifi ed Dickey-Fuller test statistics, denoted as DF-GLS-μ (without linear trend) and DF-GLS-τ (with linear trend), which have been shown to have greater power than the standard DF test (Elliott, Rothenberg, and Stock 1996) . Because of the short time series, a maximum lag (k) of 2 is used for these tests, and the test statistic reported is based on the number of lags indicated as most appropriate by the Schwartz (1978) Information Criterion (known to some readers as the Bayesian Information Criterion). For white women in any age group, we cannot reject the unit root hypothesis (β i = 0) for either NFR it or (Su it ) 2 unless we assume a linear trend (see data for women aged 30-34); that is, they are not stationary series. Although there is some evidence, 12. The models above can be supplemented with a social interaction model, similar to that in Nechyba (2001) , in which the utility of having children outside marriage depends on the expected proportion in one's reference group who have children outside marriage. Such a model can produce large increases in nonmarital childbearing and declines in marriage rates. Tests for stationarity around a nonzero mean, but no linear time trend, with a maximum of 2 lags. b Tests for stationarity around a deterministic linear time trend, with a maximum of 2 lags. † p < .10; **p < .01
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